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(57) 

C«fS53 C609©7^-u>*h;i»x>9©jffiK«:i 
x 1 0- 3 mol/UW±©^K-C^L.ig@S-a-r. 77- 



ITT 



1 

[#fFW*©SSH] 

[ 1 1 ^ ^ - u . mmtttmn a 
ft. 

[«*js2 ] we? 5 - \si;&m.mmnwm<D? 

9-U>*«**St»C4*W«t-r4, f»*Jil©7 

7-U>£Sft. 

189*13] 7 7-U>i|ifift©ig«£igi@;?t!-.*> 
0. *l>t6*ftKI/- if -JBUfT Septet*). 10 

©ft^i^asttiTScttcio. *«ft*£^;* 
«=■*« 5 - u >*«ft*«5cc*i£ hx&&#t utc 

[19*95] 77-U>fiftO««4Jffl3tt 
^t©7 7 - u>#l(t*^lt 7 5 - u>?i(* 

[§9*98] 7 7-U>#if*©^tC7-7-U> 30 

©*^*»flol/T££fti-j-4. 77-^^0 
St®***. 

[19*19] 7 9-U^*«ft©Jg*Cc. 
£ft. 

[ 19*31 1 0 ] Sffi_h&C 7 5- U>^{*?g$t©Il£ 

«W. S*««Blcc*JH«-j-sct«:j:»). 8?£4»©££ 
ft*»«KW0fc7 5-U>£»ft©Wc3Efl;3tS- 
4. 7 5-b>#5.«ftK©S^#S:,, 

[19*9 1 1 ] ytmrnzmmmMj ^ciw^^ 40 

19*9 1 0 ©7 5 - U >^SftM©S¥i&?7£. 
[»PJ(OIWKcll»!] 
[000 1 ] 

[^HJ©ftJffl^HF] COffcBJtt. C60^©7 7-U>© 

3f£ft*>£«fttcH-ra. c 75-u> 
*«ft**©»H*l*«i»T£^4«iBiU #^ft© 
i8iieccj:o^«flc*«jfi-r*ci{cRi-r*. ztccom 

9J«. 77-l/>©^^i»ifc'JV ^7 7 50 
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[0002] 

tt&tO-C. K3R©6J«R*tp*£»iO. — 9|Ke5JWtas 
7 7-U>©^M J f©-SIJ*^7cS-Cg^ 
0. *£t,>«7 5-U>&Cg7cS££tffaL/c&©&frl6 
ntt,>5. 3 6fc#-MK©7 5-U># : f©F'3SIWc£ 
)S/l^?rF*3'a3-&/cfc©^ 1 7 7-l/>MfflKRS 
^9S*©fl7C**raiOfcfeO*>fiI'&*iri»S. ftJS 

c©9Mn»rtt. 7 7 - u>t*««ci*K«»»©*3&» 
6fc-S:*:*©7 5-U>4fgU lAlKcfJ**©^^- 

[0 0 0 3 ] f^aW%7'5-U>aC60rt? > CftJiWc 
C70. C76, C7& C82. C84. C240. C 540, C 720 

3§E#*n?>ftTvs. cn6B^©*-w©7 7-i/ 
*fccft«Wc7 t a-7tK©75--u>a**n 
6tirt>-s. #-;utK^*-7*tR©7 5-u>©rt-c 
ffi!&©tt*-JW©77-U>-C > fclTiefcKfc&H 

[ 0 0 0 4 ] 7 7-l/>»M^»*e^i ur??^E 
U 8^«:tt0!l;t« v <>-tf>. hJUx>. CS2. THz 

ii©*gST»7 7-u>OT, w%yy-i'>mm 

L-r^-5>o cn«7 7-u>^«%#-^-c. 7 
5-b>^tas:©^3iiii< . avojg^©^^-* 

[0 00 5] 77-i/>©t£;i©i-7tL-c, 'Jyy7 
wss yz>-\s>mm^m~cimw?z>z 

<hJC«t9fl?«!a2 0~3 0 nm-C©S7n* 5 'r# > ^tC* 

>• n;u^>-fe*>irc*&:)fc©7 5- u>=&E&£t?£ 4 
&9MLTl>* (BfUJSBrBB. 1 996^3^12 

[0006] #H*7 - 1 3 4 4 1 3-9&ttt*. »sR# 
H»4J-CC 60®JgCC 350~405n m©aS^*M» 
0"C9BfcU 77-l/>4U^HK^tSt5Ci 
*S*UTl»S. C©*§£. *3)E©7 7-U>HCF 
#KJ;^-ft>iff>y-CiM5. K3R»C60© 
^®^©#L.-C??iSEL,. **f^i©*B«©??ftT-C7 
5- b>fyj©Jgj££ fe/c^-r, &*s4s»* J 77-L'> 




3 

<Dffi&Z{%iXl,>Z<Dfr#'y7 r -C bX&&<Dtr>vmh 
[0 00 7] 

7y>7^7-Jl>X;fc«±©;frt?tB5Kii£^U 

i~4) t. ^©ijjfefrffifcatt-rsci&c&a (is* 

Ji5. 6) . CQAHOSRHtt. Birffl©^B&©*®<!: 
5(9) <t. *©«JS*ffi*««-rsci«:** (M#g 

7. 8) . s/cc©^©sa». f#e>n/c7^-u> 
cicc^s (m$gi o. id, 

[000 8] 

mm<Dmm c<Dmmz. 7 7-u>*««*. mm 
*©me a * -5 j: *> k*bs:«c*s^ o fc 7 -5- - u > 
(mmmi) . &m&xiz> mmocttj: 

7-l/>^l*«, — l»tC7 5-U>iiifi{*#^3£©<g 
&.X&mitLtci><DX&2> (1*4012) . mtf3ifi# 
*5C60©*§£. ^Stt«^»<tS. IPfe^fift^fcO© 
mm»<DWL&l 2~1 4, 2 2~25. 50-55i)5: 
•3, .fcOifcttWCttl 3. 23~24. 52~53£& 

[0 00 9] */cC©^ia©7^-b>^Sft«. 7 5 

«*-e#^?-a-r^fi#©*p B n*©^^i u 
©r&s (ti^3) . tppm<D7 7-\s>^mx> 

MttCMtC 75- U >©«?&«£ JJD* S C £ "C4> . 
£fi£-f£ (W#JI4) . CC(C®^«CC«0fax.«TJU3 
-JH&fcflH*. 7 5-U>©^8¥JK#ffi(,>*6t,>«:0© 
&©£fflt\ tc«©7 5 - U^itftMiOilJ: 9 

hvwmu. ^M<tL,r©7 5-ix>^s^-e©i!{ 

Siffi aft ©insure a t » . 
[0 0 10] c©.£9&7 5-ix>£-fii*«. w*.«7 
5-U>IJiSf*©?§i$£ig@;Stt\ £>.5l>tt75-U> 
*«(*©«««:75-u>«!«««*»ftii/r. 75- 
l'>^(*©Wilfct, gOT©7 5-l/>^ft 

£*St=? b x y 5 - u > £ -r a c t tc j: «3 sais-r a 

(«*«5. 6) . 
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[0 0 1 1 ] 7 5-b>^fift©tgj£±©#Pi8<*tt7 5 

-u>©££#-e. ctitt, mt^fflHKMia. 

m«7 5 - u>mm#<Dimzmm$-e z c tic* 
*scn*^5-b>^a^©?§^c7 5-u>©^: 

7. 8) „ #«ffig^©^«, m«h;Ux>, -<> 
•fe'>. *£WJCS2<!:U CftfeWe&7 5-U>£ 

fi#?gg£4>& < <!: 1 x 1 O-'iDl/LGUii-riCi 

[0012] ^«4i-C©7 5 - u>^a^©jga^<(?* 

l/<«. f-^x 2 .5 x l 0- J mol/LW 

±, -0-fe'>S^©JS^-C 1.5X1 0- 3 mo1/U^±, 
CS2S^©li^-C , l .5X 1 0- 3 mol/LW±£-ra. C 

20 ^>^>«©jS«j4[iffi«*Hi*. i&®©S& 

Mtfe&igaciassr^t. ^S{*©^sccti^ 

$ti-/cfe©*fflt,irfe^c^ a*iC©B§jffl#-ri*. ntc 

[0013] #^{*a>6^s#^©issrctt > ££&© 
intern**:****©* *ffl^5£>s«a< . m« 

30 5C. »fiEiMI(OTt>gl>. 

[0014] C ©|SH8«£ fc. 7 5-V>mm&<DifeWL 

cc 7 5 - p >©^«t*asflirr c t tc j: o mm l tc 7 

5-U>^^CC*S (»#^9) . 
[00 15] C©^«*/c, IfeiK75-U>^ 

^S*©#^<**S«(c^#Ufc7 5- U>^fi»©|g 
(C^b3-tf67 5-U>^S(*)^©S!{j»^«:*S (» 

o) . ^*«f!)ie©)g©^j?SHuK:^s-a"r 
fc. *.Sc^«mfi*^?S©M?rg;wr«@tcJ:f3^3 

Ki§t5^M7 7-U>©glS^ -f^-> 
JB«*CBi*Or»«l«r3Bfll-J-4 1) . 

[0016] 

[&W<Dftmt%im] C60^©7 5-U>4 

^>-fe'>, h;l/x>. CS2^©^gtc^*^SH?-f* 

7 5 - U > ©^K 7 5 - U > ©ft^f^^BD L- X h ^ 

so Atf^fg©fe*^fc-r£c£*>6Hi£;?n£,> */cS@ 
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(5 1 4 .5nm) •e<bffl@&<D¥&bX'<i; b)Wfi$Mt 

*sett©jas*r«)!fcns. cccittf- 
jux c s 2«<DffiyH^«N«K: at it * 1 . *< > -tz > 

UX^i'hJKCtXf'J^mCtii, ^&© 

[ 0 0 1 7 ] ?§3£B'«>-fef>. hJUx>, CS2SCKg6 

U>©S®«C60K:KB€>-r. C70, C75, C78. C82, 
C84, C240, C540, C 720^©#— Jl/t^^ 5 — U>"?> 
C 500^© 3^ - ^ 7 "7 -U #'-.»H# 
©7 v-U>©JS^*5!|t{CSS-CS>S„ 3<E>K7 7-U 
>«^#^©^?»^f3. g&S^ttflllTnjft. *4t,> 
B^ffitcsmL-fc^Tcf^, 7 7-l/>©fWK:rta 
$n?cM^*^£^£ &©#*(?* c©<fc-5 

[0018] 3^©^«C»«K«??tt***D . 
«itW«lx 1 0- 3 mol/UW±©?^ffi OKNCjSJUOfc 

©**s#ai/. mfimii?se { )tc??aL/^< &4<, c© 

jSgtt. h JUi >jg^©JS^t? 2 . 5 X 1 0 " 3 mol/L, 
•<>-lr>gI©S^-C 1.5X1 0- ! mol/L, CS: 
©li^f 1 .5 x l 0" 3 moVL-C&4„ 



[0019] 



v-ixizb ;n >««©«^-cffa 3 fr*mmt & 4 . 
BP%££{*©£j£fc:£ fc&i,*. aj&?-tt££tt©rttt(c 

^S&ftSft, C©C<hB^$ffc©jl^£fcfc6-f. 

frf-ms., c s 2^©is^-cesA5 5 fr+mm. t 

6*14. 

[002 0] C ©«fc 5 «c£f£f*W:J»fiE©£ C zm&PK. 

[0021] 4s-&&(D£j8,Mmzmi-?z>t, mmoj: 
*> icmmommicm^mmm^ u »» ofc ? ? - 



20 



c-;l/^^j{c J; <3 4 <£>©£#* 6>*i4. 
[0 02 2] W««35cciB. ^»CC«#^©^S 
<9. ^ftWi:K:£^#©J&g#jttT t,<tt»C i-CA 
4. m« h >ffll'?©^ft©f >f XBES-C 3 

10 h;Ki. ^HWfi 1 3HS. 2 3|fB£ 

mv. tprs<Dmm<Di&*mztA,£Wiw2tirj:^ 0 c© 
c t b. ^s<*©an6t*»©^^<*fe#je©#^-e*^ 
octiitiiti. -&L,rMiB©<t-5cc. $g&tig0ft 
©a^Jc-^r^b-rs. 

C©*itt?£^flEtt3:SE 



i^r^-r^o m^^.ntfa^©a:^©ti^©J:5 

SC, ^tt3&sjsSS-r-5(5i*3?3£Cc&5©-C«ift< > *4 
^S-c^K^4©-c*-S 0 fucoi^j;^ 
§S»n^Si©iott, 7 5--u>*5^b7c^(c 

iS6 < jgttCDffitC* 0 , C ftM&^Hjg£©ffl*>6» 
5i^?L <*T) i^SCiiMii-rS. *T<h©|?® 
^©^ffiU©££tt«*T©^^1MX{C&#U ft 
^.tfsPT*iige^F©^«©^»J*iSLS fct»*ii#<5Scjett 
^©i^^.6*T.-5>o 

I*. 4©iC5WT^. 

[0024] #^mi^7-u>^*»©ta^*t*4i^ 

(*S3 5 5 n m©3(S«) ^M#JT4i > ^WUZ 

m&MM<D&tET'c<DttmmmmM-e$> 4. n-?-^ 

«M#**iWK:Sc4. cnfcWL.ru— tffliWBS^m 
[002 5] HPjH«#^t©jSjR{C»U-cm>. 
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[0 02 6] ^fift<DHS^m%^<DU-1fvX^^ 

St. ^«BiTiB©J:5K\ h;i/x>fl§ai^6)CDC6o© 
^tmt C6<»«Tttl3ffl. 2 3<I<h5 3ll<tfc:# 

[0028] y^-i'y&mmz, maavv*?? i 

«it««aatccis)»s-&ri«*-r*. 
[0029] &m#<D&mit&*:mjui2 0-5 oss 

yv^77 ^-rO»)BI6ttWittl 0-100nml 
[0 03 0] 

cc^-rar. *i»cra Mi>x>. ^>-fe'>, cs2<Dt§ 
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SSt«c^nilfir, BiB»L/fcF^i>©C6o* 

10 TCOjjge&C^fbf So 

[0031] c<o£5fj:mmzh)\'X>mmyL9\>-c't>& 

«h*<d i 6 o K«T«c»»-ra4««©a«afe 
MoK^ba y ? - is ><Dwmicmktt& ttcctzm 

20 C<Dtctb, J8H*f*ifircD»*PilK*»*L<«l 

[0 03 2] 02tt, b>l>X.>i§mV<DC6(m&<D&ift 
*'<>7\*Jl&7r;'t* H©(a)«, C60i*fiE#7xlO 
- 4 mol/L-CCDX-<^ Hi/*jj*u (b) BCeoMffi* 
2.2X1 0- 3 mol/L&cJi»tl5-&/c^<DX^^ 

(c) «?SS2 .5X1 0" 3 mol/Lr(DX-<^ b)V^7jk 
S/c (d) tt, lt««©C60WSa<D«3fc^^^ h 

^"C*5o cne>©^7tx^^ 5 14.5nm 

OA r -T*>U-1f-rfflfiL/cBg<DX^^ 1ft 
30 fi(3 0 0K) 1 2 0 KtO 

X^ h jg«T5Vr. ( a ) CCTftT <fc 5 1 
4 .5 nm («» 1 9 44 0 cm" 1 ) ©*5*C60CcaftiR 

m&7* 1 0" 4 mo1/L(D (a) Ttt % 12 0Kt©^ 
X-^hM** K(|*fc>Stt'C, 3 0 0KrcD2fc 

[0 03 3 ] C6ti£K£2 .2X 1 0- 3 mol/UCtfT<h 
(b) 1 2 0 KOX^^ hW3 0 0 KO^^^ 
hmSmm^>7 hU C6C»lS*2 .5x l 0- 3 mol/L 

40 (c) tt*rr<t.x"^ h^<D^{t«3 6tcsu< , 

(d) <0*e»<D^^^h;b«:Sl«-r*J:5CcScS. 
(a) <DffirSg<D*-^ h;l/r», 5 0 0 0 cm 

-*<Dttmcx<*<t> h jwrnnfiahti* (b) -*> <c> -c 

(JC©I^L 4 UOOOcm-'ftfiO^fit-^ 
&af£BbLTC>£ 0 C<DCi«l SOOOcm- 1 ^©^ 
yt<DMi)K 1 4 0 0 0 cm- l tta<D#g7£fc'-^C^ 

[0 0 34]I1^§2^ C60Oh-rt/x>?SfK4iBH 
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^ bMt. (d) (Dmm&o)^? bMcmwiL. m 

£o 02 tt, ^#o^cig&&&&&$>*) . C6orS 

fi#7 X 1 0- 4 mol/Lt(Tr«#^(*^^-r. 2 . 
2X 1 0- 3 mol/L"C^ft^^-r€>Ci?:^LrC^ 

&<b, ^tt<D^^m*C60&gg£ 1 x 1 O" 3 mol/L 

«h;Ux>?g^<D^2 .5 X 1 0- 3 mol/LT\ ^>iz 
>i&8toft§^l .5x 1 0- 3 mol/n?&0, CS2?g$to 
tttel .5 x 1 0- 3 mol/L~C&£ o 
[003 5103k:, C60©h-rt/X>igjR (2 .3 x 1 

m&<Dnmmftoy&m&m?. 220 kcd^x-<* h 

Ut^c C*lOC*tOT2 1 90KCDX^ h 

BtecfcoT^OfcC60£^jWfi2 1 OK^tgfil 

n^ci4*utt^ 0 rotated: 5 ^f*<D 

1 5 0 0 0 cm- l Wifi©C60***©«*^^^ MKD 
Wtt. ^WM^f^tffl 1 4 0 0 0 c m^tfifi 

* h ;U©SF##>h<* < tt 0 % ^flwx^ * b )V(om^ 

[003 6102, 03i|lI«<D^m«fte(D^r^* 

B4CCC6(XD^>^>igjft (2 .0 x 1 0- 3 mol/ 
L) (DZ&cZ^? hil/CCOt^TaStfcfftt*^. 0O 

>^>©SB*tttt2 7 0 KT\ ^n«T-C^>^*> 
^«^^X«<h^^, mJtTs^Z bMZ2 8 0 K<h 2 
7 0K£©m*««:£fl:T.5. 2 8 0 K^CDIfefcX^ 

u i 2 0K'c««<b^^f^ft©*©x■^^ hJb-c* 

& 0 iteCeo*l»-C© 1 5 0 0 0 c m^ftifitOM 
OMit, ^&f*Ttt 1 4 0 0 0 c m-^ifiCCi/^ MT 

[OO37]05te, C 6CXOC S 2$tffiL (2 .Ox l 0 " 3 
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-eur 2 o o K&r^tmwi^p^tmnm^^w 

<D»tfitftiEU. *«fl*&^f*^©£{fcCC#9x*;b 
S/c2 0 0KWifi*"Cl 2 0K*>1 5 0 K r©363fc*-"< 
tc£&{*& 2 0 0 KtS * r£5£«:SaET4 C £ L 
[0 03 8] CCT^OftaaitWJTS. 

>©«««*]»**£. ^-UM^ttJUJ^ilT 

j:^1-^rM e cn<h|5lB#«:, ?^-u>*h^ 

20 [OO39]06OC, C60©h^x>fl£« (2 .2 x l 
0- 3 mol/L) XOim&Wt^WOlftycX^Z b>i>*m 

1 5 0 0 0 cm- 1 ^^^^ h;KDl 
1 4 0 0 0 c m^Htc^^ h U cnCC 

»jcE-rstr-^tt**SBr«j|fti 38 oo cr l w 

Be-fo#»ft<b«:j:s*jefb*^L/rc»*. f urn 
fci<Dcfc5$t, #»Sfb(c<fcSx*ji^-s/:7 hAEtt, 
so »S : f3W#»ffiltOfcSS©2*CcSM:«-rs. fct 
^*^6«ttS^<Dx^;U¥— >^ hAE£. C60# 

*-YX<D2«(cSihffl , i*S. C©C£*6 hJl/x>»« 
*r©C6(^ft<O1f^X»HSrtt2nm£a0, C 
titt«8E*fiKC C 600^** 3 »^SS^J L /c^^r- 

[0 04 0] 0 7 fc % §1 2 0KrcDC6(XDh;l/X>^ 

*To C60ififfttS«jttn .0X1 0- 3 mol/Lt?*4o 
^t:^^^ hJb(DfcT-^tea*>63RK>fcx*;l/4 f --^7 

n*. bfr*>im£*>v>mitcm*WL,<. cs 
2®^-ca# < , c s im&x* z z c 

so 6m*b<D7 ^-\s>x&mm<D^m*£j8<L, 
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t>o 

[0041] -?7-v>mmm*mftyt-cm®Lr<b. 
•b'>. cs2©ig$©*ss£Bsi*rr. c 

t>„ 10 

[0 04 2] CQKDY)\>X.l/i&m 1 .Ox l 0" J m 

ol/L) KYAGU-f- (j&g3 5 5nm) 

©£j&it?£«: Y A G U — tf-©'-OUX ©BSFffliUKfiKfif 
U l^«*«OTta«t«©Jt*36Ji«)DOfc. C©C 

^i«c?f)tcu-f-II«-| ) i 1 £a#**fflSK:*§ 
£0T^a{*#3 6(cj&6^SC±£^i£L-Cl,>So $ 20 

ikuxmm-rzct&xzz. 
[0043] 08«> C6og-&#<D\-)i<x.>im'p m 

S2.2X1 0- J mo1/L) CC^7XSS^»fC > 
ft©£f££3i*;fc|£© 1 0 0 0 OfiOl^lWWT 

#>So ^a#«*"-;H#-c. #5xS«_Lcc3g#t,-ct,> 

•So 0 9 tm d * r 7 * w®.±.<D&wwm<Dm^r$ tsm^ 

^¥K"C> lOOOnmxiOOOn m<DWm<Di£.$:m 

30 

[0044] Ch6©Ci«, £a#*ffll>fcy 
So 3a»-CU— tf-JS3^CcJ:0^(*?§?Bt*©^i* 

So 

[00451010. HI 1«C, 08. 0 9©f#f4<!:* 

fK©*ffirisl? ifc*7XlSi©^lft® ^ 
hju^-r. Ctie>©0«. &*0©SSRU— If-v** 
h;Me £**>©•*?. 01 OB'O^iSS (*fii* 
r£K««2 .0X1 o- 3 moi/D 4»B3i*r#^ft% 
£gj*Lrc|ig©fc©"T\ ii i «|S)i;?se©^>-fe*>-c 
60^^c. lia-cx^/-* (-<>-fc:>3 0 Voi% : x 

*y-;i<7 ovoi%) *aarau ceo^^ftibr^T 

W^ti-fcK©fc©-c*S. Ch?.©^$fflU, U- 50 
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